Study Design. Cadaveric study. Objective. To provide anatomical basis for deciding the surgical approach and skin incision in thoracolumbar extreme lateral interbody fusion (XLIF) by delineating the attachment points of diaphragm. Summary of Background Data. Although the general anatomy of the thoracic diaphragm is well described, the specific attachment points of diaphragm concerned with the XLIF approach is yet to be elaborated. Methods. Dissections were performed on 21 cases of formalin fixed specimens (12 males, 9 females, a total of 42 sets of data). Special attention was paid to the attachment points of diaphragm on both sides at the midaxillary line (MAL point) and the vertebral level parallel to the MAL point (VL-MAL). The attachment points of diaphragm on the front and back edge of the spinal column (FES point and BES point) were also described. Results. The MAL point of diaphragm muscle lied between the inferior edge of the 10th rib and the superior edge of the 12th rib (20 out of 21 on left, 21 out of 21 on right). VL-MAL lied between L1 and L2 vertebrae level (20 out of 21 on left, 18 out of 21 on right). The attachments on both sides of the vertebral column mainly located between the upper edge of T12 vertebrae and L1-L2 disc (38 out of 42). Conclusion. A transthoracic approach should be considered when the target level was above T12 vertebrae, whereas a retroperitoneal approach should be chosen when target level was below L1-L2 disc. If the target level is located between T12 and L1-L2 disc, whether via transthoracic, retropleural, or retroperitoneal approach should be determined according to the conditions of patients and the skill and experience of the surgeon. Incision should be made above the 10th rib for the transthoracic approach and below the 12th rib for the retroperitoneal approach.
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MATERIALS AND METHODS
Twenty-one complete diaphragmatic structures were observed from 21 embalmed teaching cadavers. All cadavers were donated to the Department of Anatomy of the Second Military Medical University. Of these 21 Mongoloid cadavers, 12 were male and 9 female, with the average age of 58.9 years (range from 32 years to 75 years). No specimen was involved in the malformation of diaphragm. Diaphragmatic attachments were exposed after the removal of the front walls of thoracic and abdominal cavity and the inner contents. Attachment was traced with paint line along the superior edge on lateral and posterior thoracic wall, and diaphragm was then removed to uncover the tracing line completely (Fig. 1) . The costal attachment point of diaphragm was observed and recorded on both sides at the midaxillary line (MAL point), noted as X rib (upper, middle, and lower; midaxillary line was exactly crossing the coronal facet of vertebral midpoints), and the vertebral level parallel to the MAL point (VL-MAL), noted as X thoracolumbar spine (upper, middle, and lower) or as X disc. The attachment points of diaphragm on the front and back edge of the spinal column (FES point and BES point), noted as X thoracolumbar spine (upper, middle, and lower) or as X disc (Fig. 2) .
RESULTS

Attachments of Diaphragms at the MAL on the Both Sides
The attachments of diaphragms at the MAL on the left side were to the 10th rib in 3 of the specimens and 4 were attached to the 12th rib. The remaining 14 diaphragms were attached to the 11th rib. The left attachments of the diaphragm muscle at the MAL mostly lied in the inferior edge of the 10th rib to the superior edge of the 12th rib (20 out of 21) (Fig. 3) .
The attachments of diaphragms at the MAL on the right side were to the 10th rib in 1 specimen. Five were attached to the 12th rib. The remaining 15 were attached to the11th rib. The right attachments of the diaphragm muscle at the MAL lied in the inferior edge of the 10th rib to the superior edge of the 12th rib (21 out of 21) (Fig. 3 ).
VL-MAL on the Both Sides
The vertebral level parallel to the MAL point (VL-MAL) was mostly to L1-L2 level on the left side, accounted for 20 (L1 for 12; L1-2 intervertebral disc for 1; and L2 for 7), except 1 specimen to L3 level. On the right, except 2 specimens to T12 level and 1 specimen to L3, the remaining 18 out of all were to L1-L2 level (8 to L1; 2 to L1-2 intervertebral disc; and 8 to L2) (Fig. 4) . Ãdenotes the attachment point of the diaphragm at the midaxillary line (MAL point). §denotes the point on the spine that was parallel to the MAL point (VL-MAL). #denotes the attachment point of the diaphragm on the spinal column. {denotes the point on the midaxillary line that was parallel to the attachment point of the diaphragm on the spinal column.
Except for 1 diaphragm attached to L2 vertebrae, the remaining 20 were attached to T12-L1 vertebrae (left side: 7 to T12; 2 to T12-L1 intervertebral disc; and 11 to L1; right side: 5 to T12, 1 to T12-L1 intervertebral disc, and 14 to L1). The attachments on the anterior part of the vertebral body mostly located between the superior edge of T12 and inferior edge of L1 vertebrae (20 out of 21) (Fig. 5 ).
Attachment Point of the Diaphragm on the BES Point
On the left side, 6 diaphragms were attached toT12 vertebrae on the back edge of the spinal column, 11 to L1 vertebrae, 1 to L1-2 disc level, and 3 to L2 level. On the right side, 1 diaphragm was attached to T12 vertebrae, 5 to T12 intervertebral disc level, 8 to L1 vertebrae level, 4 to L1-2 disc level, and 3 to L2 vertebrae level. The attachments on the posterior part of the vertebral body mostly located between the inferior edge of T12 and L1-L2 disc (35 out of 42) (Fig. 6) .
DISCUSSION Gross Anatomy of the Diaphragmatic Muscle
Diaphragm is the dome-shaped flat thin platysmamyoides between the thoracic and abdominal cavity that serves as the bottom of thoracic cavity and the top of abdominal cavity. It is composed of 2 parts: (1) peripheral muscular part (the costal and crural diaphragm and an additional minor muscular portion, which is attached to the sternal) and (2) central part (left, right, and middle leaflets). 9, 10 The lumbar part of the diaphragm forms the right and the left crura of the diaphragm along the lumbar spine, respectively arising from the anterior surface of the lumbar vertebrae (L1-3 on the right and L1-2 on the left). In more than 60% of individuals, the right crus splits to form the esophageal hiatus. 9 The costal part of the diaphragm originates from the inner surface and upper margins of the 6 lower ribs, and the sternal part of the diaphragm originates from the posterior layer of the rectus sheath and from the posterior surface of the xiphoid process. Finally, all of the muscle fibers inserts into the dense central tendon of diaphragm.
There are studies focusing on the surgical pearls of the detaching or mobilizing of the diaphragm. 7, 11, 12 However, to our knowledge, the specific attachment points of diaphragm and how to choose incision point and approach accordingly are yet to be elaborated. In an effort to eliminate the lateral approaches to the thoracolumbar junction that was developed and popularized by Elias, 11 who stated that the diaphragm must be mobilized during the minimally invasive extracoelomic approach. Ali et al 12 reported that incisions on 10th or 11th rib could be chose if access to T12 or levels above is needed. If complete access to L1 is needed, then the diaphragm requires mobilization. The study is based on a laboratory cadaveric study delineating the pertinent surgical anatomy of the diaphragm during access to the anterolateral thoracolumbar junction.
As Ali et al 12 indicated that the pertinent diaphragmatic attachments to the rib cage were at the 11th and 12th ribs, through the observation of 21 specimens, we found that most attachments of the diaphragm muscle at the MAL were at the 11th and 12th rib (18 on left, 20 on the right). Attachment points at MAL, however, were also observed at the 10th rib (3 on left, 1 on right). The attachment points of diaphragm on both sides of the vertebral body mainly located between the upper edge of T12 vertebrae and L1-L2 disc (38 out of 42), averagely the right side lower nearly 1/3 vertebral body than the left side.
Diaphragmatic hernia is the potential complication derived from the literature regarding detachment of diaphragm. 7, 8 This cadaveric study helps to reduce injury of the diaphragm by giving suggestions on incision and approach decision making in XLIF surgery for the treatment of thoracolumbar spine. Spinal surgeons should consider the variations of diaphragm attachments at the MAL, the vertebral body and the reasonable approach and skin incision referred from our study before XLIF procedures, to minimize iatrogenic damage to the diaphragm.
Thoracolumbar Operation Approach
Although the fluoroscopy can accurately locate the target level, it cannot obtain the diaphragm attachments in the vertebral body clearly, which may further increase the risk of perforating diaphragm in the following procedure. Therefore, to avoid potential significant cardiopulmonary complications, make the approach ideal for patients with poorer pulmonary mechanics who would not tolerate a thoracoscopic approach, which typically requires deflation of a lung, a complete understanding of thoracolumbar anatomy is essential. From the results of this study, the attachments on both sides of the vertebral column mostly located between the upper edge of T12 vertebrae and L1-L2 disc, and the attachment point on the right side was approximately 1/3 vertebral body lower than the left side. When it comes to the operation approach, if the target level is above T12 vertebrae, a transthoracic approach should be considered. If the operational level was below L1-L2 disc, we suggest a retroperitoneal approach. If the target level is located between T12 vertebrae and L1-L2 disc, whether via transthoracic approach or retroperitoneal approach should be determined according to the conditions of patients and the surgical experience of the operator. This result changes the traditional idea that lateral approach in the thoracolumbar junction (T11-L2) is often necessary to cross the diaphragm to access the intervertebral disc. 8 
Skin Incision
Generally, the skin incision overlying the vertebral level or the location of the abnormality is identified and marked with the C-arm perpendicular to the floor. This method applied successfully in the thoracic and lumbar levels; however, the attachment points of the diaphragm on the spinal column are not at the same level with VL-MAL (VL-MAL was lower than diaphragms attachments on the spinal column with the height of nearly half to 1 vertebral body). Hence, when performing thoracolumbar XLIF surgery, making an incision above the diaphragm with the target level below the diaphragm is very likely to happened. In this scenario, perforation of the diaphragm is doomed. Besides, VL-MAL is variable because of the respiratory movement, which brings difficulty to the selection of skin incision. For the access to the thoracolumbar junction, an understanding of the diaphragmatic-costal and diaphragmatic-spinal attachments is paramount to the selection of skin incision, which may reduce the chance to incise the diaphragm.
After analyzing the data, we found that the attachments of the diaphragm muscle at the MAL mostly lied in the inferior edge of the 10th rib to the superior edge of the 12th rib (20 out of 21 on left, 21 out of 21 on right), horizontally pointing (VL-MAL) to L1-L2 vertebrae level (20 out of 21 on left, 18 out of 21 on right). Therefore, the incision should be applied above the 10th rib for transthoracic approach, and below the 12th rib for retroperitoneal approach. This could reduce the incidence of diaphragmatic hernia.
When dealing with T12-L1 via retroperitoneal approach, the surgeon might find the angle of the retractor too lean to perform the operation, even with a series of measures adopted such as leaning spine or lifting the rib. Retropleural approach of XLIF was introduced by Uribe et al 13, 14 to perform a lateral corpectomy. Thus, the surgeon can endeavor to choose the retropleural approach in which a cautious rib resection and dissection of the diaphragm at the spine is needed.
There are, however, certain limitations inherent within our study design. As our study focused on the attachment line along the superior edge on lateral and posterior thoracic wall, how the diaphragm was attached in detail could not be known from the study. Furthermore, how the diaphragm changes with the respiratory motion could not be adequately analyzed in such a cadaveric research.
CONCLUSION
The process of XLIF for the thoracolumbar spine disease may incur iatrogenic damage to diaphragm. To reduce the complication, mastering the specific anatomy of the diaphragm clearly is considered to be vital. Transthoracic approach should be chosen when the target level is above T12 vertebrae, whereas retroperitoneal approach when below L1-L2 disc. If the target level is located between T12 vertebrae and L1-L2 disc, whether via transthoracic, retroperitoneal, or retropleural approach should be determined to the conditions of patients and the surgical experience of the operator. As for the incision of skin, transthoracic approach should choose the intercostal space above 10th rib, whereas retroperitoneal approach below the 12th rib.
Key Points
The attachments on both sides of the vertebral column mainly located between the upper edge of T12 vertebrae and L1-2 disc. The attachment points of diaphragm on both sides at the midaxillary line lied between the inferior edge of the 10th rib and the superior edge of the 12th rib, whereas the vertebral level parallel to the MAL point lied between L1 and L2 vertebrae level. A transthoracic approach should be considered when the target level was higher than T12 vertebrae, whereas a retroperitoneal approach should be chosen when target level was lower than L1-2 disc. If the target level is located between T12 and L1-2 disc, a transthoracic, retroperitoneal or retropleural approach should be determined according to the conditions of patients and the skill and experience of the surgeon. Incision should be made above the 10th rib for the transthoracic approach andbelow the 12th rib for the retroperitoneal approach.
